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Device and method for health monitoring of an area 
of a structural element, and structure adapted 
for health monitoring of an area of a structural 
element of said structure 

5 

FIELD OF THE INVENTION 

The present invention relates to devices and methods 
for health monitoring of an area of a structural 
10 element, and to a structure adapted for health 
monitoring of an area of a structural element of this 
structure . 



TECHNOLOGICAL BACKGROUND 

15 

More particularly, the invention concerns a device for 
health monitoring of an area . of a structural element 
comprising at least one dielectric material of 
dielectric permittivity e r comprising: 

20 (A) means of emission of electromagnetic radiation 
extending in a direction, the said electromagnetic 
field generating an electric field in the area, and 
(B) detection means suitable for measuring a first 
measured component of an electric field, along a first 

25 direction of detection. 



The structural elements in question are typically 
materials made of resin reinforced with glass fibres or 
carbon fibres, forming part of the structure, for 
30 example of a vehicle such as a motor vehicle, an 
aircraft, a railway vehicle, or the like, for which the 
weight constraints are paramount. 

Such a device has already been used with success in the . 
35 past to determine whether such a structural element 
exhibited a defect, for example of a mechanical or 
chemical nature, or the like. Such an example of an 
application is described in "Electromagnetic health 
monitoring system for composite materials'', Lemistre 



and Balageas, in Materiaux et Techniques, special issue 
2002, published by SIRPE, Paris, pg 29-32. 

In this article, the electromagnetic field is, for 
structures comprising carbon fibres, a magnetic field 
locally equivalent to the magnetic field emitted by a 
dipole extending along a given direction of the 
structural element and is emitted by two linear 
conducting tracks extending in this direction and 
traversed in opposite senses by an electric current. 
The electric field is measured orthogonally to this 
direction in the plane of the structure. , The 
information thus gleaned is useful for determining 
whether the structure does or does not exhibit a 
defect . 

For structures comprising glass fibres or simply a 
resin, the exciter field is an electromagnetic field 
emitted by the tracks extending likewise in this 
direction. 

Such a device makes it possible to qualify the presence 
or otherwise of a structural defect in the structure 
under study, but does not make it possible to determine 
the gravity of the defect. In the presence of a defect, 
the user of the device will not know what to do: wait 
or replace the structure (thereby guaranteeing safety 
to the detriment of cost) even if the defect is not 
perhaps penalizing per se for the structure in its 
daily application . 

SUMMARY 

Thus, according to the invention, a device of the kind 
in question is essentially characterized in that the 
said device furthermore comprises calculation means 
suitable for obtaining a value of the dielectric 
permittivity e r in the said area on the basis of the 
said first measured component. 
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By virtue of these arrangements, information pertaining 
to the structural element is obtained, making it 
possible to quantify the gravity of the defect 
5 exhibited by the structural element, since an intrinsic 
characteristic of the material is determined. 

In practice, this makes it possible to forecast the 
type of intervention to be undertaken with regard to 
10 the structural element, to eliminate the defect, rather 
than to have to replace the entire structural element 
through ignorance . 

In preferred embodiments of the invention, recourse may 

15 possibly be had moreover to one and/or other of the 
following arrangements : 

the said structural element is an inhomogeneous 
structural element furthermore comprising an 
imperfectly conducting material, of electrical 

20 conductivity a, 

the means of emission are means of emission of magnetic 
radiation that are suitable for generating a magnetic 
field, the said magnetic field being, at the area, 
equivalent to a magnetic field emitted by a magnetic 

25 dipole extending in the said direction, 

and the calculation means are alternatively or 
furthermore suitable for obtaining a value of the 
electrical conductivity a in the said area on the basis 
of the said first measured component; 

30 - the said detection means are suitable for 
furthermore measuring a second measured component of 
the said electric field, along a second direction of 
detection forming with the said first direction of 
detection a nonzero angle, 

35 and the calculation means are suitable for obtaining a 
value of the electrical conductivity a and of the 
electrical permittivity s r in the said area on the basis 
of the said first and the said second measured 
components; 



a direction chosen from the first and the second 
direction of detection is the said direction of means 
of emission; 

the said means of emission comprise a layer 
comprising, at said area, at least two parallel 
conducting tracks, oriented along the said dipole 
direction and suitable for being able to be traversed 
in mutually opposite senses by an electric current; 

the said detection means comprise a layer 
comprising, at said area, at least one conducting track 
oriented along the said first direction of detection, 
and a layer comprising, at said area, at least one 
conducting track oriented along the said second 
direction of detection; 

the calculation means comprise: 

• (Z) memory means suitable for containing a model 
of the area by at least two numerical parameters 
related to a s representing the said electrical 
conductivity a in this area, and e r s representing the 
said dielectric permittivity in this area, and a model 
of the said means of emission, 

• (E) estimation means suitable for estimating a 
simulated component of a simulated electric field 
generated in the said model of the area by the said 
model of means of emission, along the said first 
direction of detection, and 

• (F) comparison means suitable for comparing the 
said simulated component and the said corresponding 
measured component obtained by the means of detection 
(B) ; 

the calculation means comprise: 

• (Z) memory means suitable for containing a model 
of the area by at least two numerical parameters 
related to a s representing the said electrical 
conductivity a in this area, and e r s representing the 
said dielectric permittivity in this area, and a model 
of the said means of emission, 

• (E) estimation means suitable for estimating a 
first and a second simulated component of the said 
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simulated electric field along the said first and 
second directions of detection, and 

• (F) comparison means suitable for comparing the 
said simulated components and the said corresponding 

5 measured components obtained by the detection means 
(B) ; 

the device furthermore comprises (D) generating 
means suitable for generating the said model contained 
in the memory means (Z) ; 
10 - the device furthermore comprises 

• (G) a database containing data relating to an 
energy absorbed by a structural element exhibiting an 
electrical conductivity a and a dielectric permittivity 
e r for the said materials; 

15 - the device furthermore comprises a layer for 
integrated monitoring of the structures based on 
piezoelectric technology; 

the said structural element comprises no 
imperfectly conducting material, 

20 and the means of emission are means of emission of 
electrical radiation that are suitable for generating 
an electric field extending in the said direction. 

According to another aspect, the invention relates to a 
25 structure suitable for health monitoring of an area of 
a structural element of the said structure, and 
comprising : 

the said structural element comprising at least one 
dielectric material of dielectric permittivity e r , 
30 an electromagnetic radiation emission layer extending 
in a direction, the said electromagnetic field 
generating an electric field in the area, 

a detection layer suitable for measuring a first 
measured component of an electric field, along a first 
35 direction of detection, and 

at least one facility for connection to calculation 
means suitable for obtaining a value of the dielectric 
permittivity s r in the said area on the basis of the 
said first measured component. 
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According to embodiments, recourse may also be had to 
one and/or other of the following arrangements: 

the said structural element is an inhomogeneous 
5 structural element furthermore comprising an 
imperfectly conducting material, of electrical 
conductivity a, 

in which the means of emission are means of emission of 
magnetic radiation that are suitable for generating a 
10 magnetic field, the said magnetic field being, at the 
level of the area, equivalent to a magnetic field 
emitted by a magnetic dipole extending in the . said 
direction, 

and in which the calculation means are alternatively or 

15 furthermore suitable for obtaining a value of the 
electrical conductivity a in the said area on the basis 
of the said first measured component; 

the said structural element takes the form of at 
least one layer, the said detection layer being 

20 disposed between the said structural element layer and 
the said emission layer; 

the said structural element takes the form of at 
least one layer, the said emission layer being disposed 
between the said structural element layer and the said 

25 detection layer; 

the said structural element takes the form of at 
least one layer, the said structural element layer 
being disposed between the said emission layer and the 
said detection layer; 

30 - the said inhomogeneous structural element takes 
the form of at least one fine layer comprising at least 
one imperfectly conducting material in the form of at 
least one carbon fibre, of electrical conductivity a, 
and one dielectric material in the form of a matrix of 

35 dielectric permittivity s r , in which the said carbon 
fibres are embedded. 

According to another aspect, the invention relates to a 
method for health monitoring of an area of a structural 



- 7 - 

element comprising at least one dielectric material of 
dielectric permittivity e r , comprising the steps during 
which : 

(a) an electromagnetic field is generated, by means of 
5 emission of electromagnetic radiation extending in a 

direction, the said electromagnetic field generating an 
electric field in the area, and 

(b) a first measured component of an electric field is 
measured, along a first direction of detection, 

10 characterized in that the method furthermore comprises 
a step (c) during which a value of the dielectric 
permittivity e r in the said area is obtained on the 
basis of the said first measured component. 

15 According to preferred embodiments, recourse may 
moreover be had to one and/or other of the following 
arrangements: 

the said structural element is an inhomogeneous 
structural element furthermore comprising an 
20 imperfectly conducting material, of electrical 
conductivity a, 

during step (a), a magnetic field is generated by means 
of emission of magnetic radiation, the said magnetic 
field being, at the level of the area, equivalent to a 
25 magnetic field emitted by a magnetic dipole extending 
in the said direction, 

and during step (c) , a value of the electrical 
conductivity a in the said area is alternatively or 
furthermore obtained on the basis of the said first 

30 measured component; 

during a first iteration, steps (a) to (c) are 
performed for a first frequency of the emission means, 
during a second iteration, steps (a), (b) and (c) are 
repeated for a second frequency, and 

35 during step (c) of the second iteration, the value 
obtained during step (c) of a previous iteration is 
taken into account; 

during each step (b) , a second measured component 
of the said electric field is furthermore measured, 
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along a second direction of detection forming with the 
said first direction a nonzero angle, 

and during step (c) of each iteration, the said first 
and second measured components are taken into account; 
5 - during step (c) , for each iteration, 

furnished, in memory means, with an initial model of 
the area through at least two numerical parameters 
related to ct s representing the said electrical 
conductivity a in this area, and e r s representing the 
10 said dielectric permittivity in this area, and a model 
of the said emission means, 

(e) at least one first simulated component of a 
simulated electric field generated in the said model of 
the area by the said model of means of emission is 

15 estimated, along a direction of detection chosen from 
the said first and second direction of detection, and 

(f) the said simulated component and the said 
corresponding measured component obtained during step 
(b) are compared; 

20 - the method furthermore comprises, prior to step 
(e) , a step (d) in which an initial model of the area 

by at least two numerical parameters related to a s 

representing the said electrical conductivity a in this 

area, and e r s representing the said dielectric 
25 permittivity in this area, and a model of the said 

means of emission, are generated in the memory means; 

during step (b) , a second measured component of 

the said electric field is measured, along the other 

direction of detection, 
30 during step (e) , a second corresponding simulated 

component of the said simulated electric field is 

estimated, 

and during step (f), the said second simulated 
component and the said second measured component 
35 obtained during step (b) are compared; 

subsequent to step (f), step (d' ) is furthermore 
implemented, in which a modified model of the area is 
generated by at least two numerical parameters related 
to a s representing the said electrical conductivity a 



in this area, and e r s representing the said dielectric 
permittivity in this area, differing from the initial 
model through at least one of the numerical parameters, 
and steps (e) and (f) are implemented for the said 
modified model; 

step (c) furthermore comprises a step (g) during 
which at least one characteristic of the area chosen 
from the conductivity a and the permittivity e r is 
determined by identifying the said simulated 
conductivity a s with the said conductivity and/or the 
said simulated permittivity s s r with the said 
permittivity, as soon as the comparison performed in 
step (f) gives a satisfactory result; 

the method furthermore comprises a step during 

which 

(h) an energy absorbed by the said structural element 
exhibiting the said electrical conductivity a and/or 
the said dielectric permittivity e r that are obtained in 
step (c) is determined by inference on a database 
containing data pertaining to an energy absorbed by a 
structural element exhibiting an electrical 
conductivity a and a dielectric permittivity e r for the 
said materials; 

the said structural element comprises no, even 
imperfectly, electrically conducting material, and, 
during step (a) , an electric field is generated in the 
area, in the said direction, with the aid of means of 
emission of electrical radiation; 

during step (c) , 
furnished, in memory means, with an initial model of 
the area by at least one numerical parameter related to 
e r s representing the said dielectric permittivity in 
this area, and a model of the said means of emission, 

(d) a simulated component of a simulated electric 
field induced in the said model of the area by the said 
model of means of emission is estimated, and 

(e) the said simulated component and the said 
corresponding measured component obtained during step 
(b) are compared. 
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DESCRIPTION OF THE FIGURES 

Other characteristics and advantages of the invention 
will become apparent during the following description 
of one of its embodiments, given by way of nonlimiting 
example, with regard to the appended drawings. 

In the drawings: 

Figure 1 is a perspective view of an instrumented 
structure, 

Figure 2 is a perspective view of the internal 
face of an area of the structure presented in Figure 1 
furnished with a device according to the invention, 

Figure 3 is an exploded perspective view of a 
composite structure to which the invention is 
applicable, 

Figure 4 is a plane diagrammatic view of a source 
of magnetic radiation used within the invention, 

Figures 5a, 5b, 5c are plane diagrammatic views of 
various embodiments or of means of detection according 
to the invention, 

Figures 6a, 6b, 6c are diagrammatic views of the 
model used within the invention, 

Figure 7 is a diagrammatic side view representing 
the calculation of the electric field in a medium, 
within the invention, 

Figure 8 is a diagrammatic figure representing the 
calculation of the effective sources in a structure, 

Figure 9 is a diagrammatic side view representing 
the calculation of the electric field in a medium 1 
within the framework of the invention, 

Figures 10a and 10b represent an alternative to 
the electric field calculation at the level of the 
internal face lb of the structure, 

Figure 11 is a plane diagrammatic view of a model 
of damage of the structure under study, 

Figure 12 is a schematic representative of the • 
calculation of a and/or s r for the structure under test, 
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Figure 13 is a diagrammatic side view 
representative of the calculation corresponding to a 
multilayer structure, and 

Figure 14 is a perspective view representing 
5 another type of structure, of the sandwich kind, that 
may be furnished with a device according to a second 
embodiment of the invention. 

In the various figures, the same references designate 
10 identical or similar elements. 

DESCRIPTION OF THE EMBODIMENTS 

Figure 1 represents a structural element 1 which is 
15 typically a part of a structure embodied from a • 
composite material of the type comprising a resin 
reinforced with carbon fibres. The structural element 
in question is, for example, a stiff element of the 
structure of a space, naval, automobile, railway or 
20 other vehicle, in which the composite materials find 
important applications, in particular by virtue of the 
saving in weight that they allow the structure to 
exhibit with respect to a metal structure exhibiting 
equivalent stiffness. Thus, the structural element 1 in 
25 question may be an entity undergoing manufacture, or 
otherwise, intended to be mounted in a complete 
structure, or may possibly be part of a complete 
structure in service. 

30 The structural element 1 comprises a structure 
integrated monitoring device 2 (see the following 
figures) which is, for example, disposed on its 
internal face lb, the external face la of the 
structural element being turned towards the outside 

35 space, and therefore, liable to be damaged during use 
of the vehicle comprising the structural element. The 
monitoring device 2 is thus used to evaluate the 
magnitude of the damage suffered by the structural 
element at its external face la. Such damage may be 
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caused either in the normal use of the vehicle 
comprising the structural element, or deliberately 
during manufacture, during tests intended to study the 
resistance of the structural element intended to form 
part of the structure, or to verify the properties of 
the materials used during of the manufacture of the 
structural element . 

This damage is typically of three distinct types, 
namely: damage of a mechanical origin, as a result for 
example of an impact, or damage of a thermal origin, as 
a result of a considerable rise in temperature suffered 
by the item, or of a chemical nature, following for 
example the absorption of a liquid. 

The integrated monitoring device 2 has connection 
facilities suitable for linking it to a control unit 3 
used to emit excitation signals towards the monitoring 
device, and to receive signals from this monitoring 
device, these signals being dependent on the possible 
damage to the structural element. 

Reference is now made to Figure 2 which represents in a 
diagrammatic manner an area of the structural element 
1, furnished on its internal face lb with the structure 
integrated monitoring device 2, according to an 
embodiment of the latter. The device as such takes the 
form of conducting tracks held in a mylar and fixed for 
example by gluing to the internal face lb of the 
structural element. The device 2 comprises in 
particular an emission layer 4 (detailed later) 
comprising a plurality of parallel linear conducting 
tracks 9 extending along an axis X of the structural 
element, and linked together, for example at one end, 
by a conducting track 10, for example perpendicular. 
The device for integrated monitoring of structures also 
exhibits means of detection in the form of a detection 
layer 5, also comprising conducting tracks 12, and 
possibly taking the form of a plurality of variants as 



described in relation to Figures 5a, 5b and 5c. The 
emission layer 4 can be disposed between the structural 
element 1 and the detection layer 5 or, instead, it is 
the detection layer 5 . which is disposed between the 
emission layer 4 and the structural element 1. The 
tracks of the emission layer 4 and of the detection 
layer 5 are linked to the central unit 3. 

Figure 2 represents a small enough portion of the 
structural element of Figure 1 as to be locally 
regarded as planar in the plane (X; Y) . The flexibility 
of the emission layer 4 and detection layer 5 allows 
them to be fixed, for example by gluing onto the 
internal face of the entire structural element 1, even 
if the latter exhibits a nonzero curvature, as 
represented in Figure 1. 

Figure 3 represents for example the structural element 
1 in the form of a composite element consisting of a 
matrix 6, a dielectric material characterizable by its 
dielectric permittivity e r , and of carbon fibres 7, or 
of any other suitable imperfectly electrically 
conducting material, characterizable by its electrical 
conductivity a. In a conventional manner, the composite 
structural element 1 comprises several layers 8a, 8b, 
8c, 8d in which the carbon fibres extend in different 
directions so as to give the structure an orthotropic 
character. The layers 8a and 8d thus exhibit carbon 
fibres extending in the direction X, while layers 8b 
and 8c exhibit carbon fibres extending in the direction 
Y. 

The invention can also be used for quasi-isotropic 
structures in which the carbon fibres of successive 
layers form an angle of 45° between themselves, or any 
appropriate composite material based on imperfectly 
conducting material. 



Figure 4 diagrammatically represents the emission layer 
4 fixed on the structural element 1 and comprising 
parallel electrically linear conducting tracks 9 
extending in the direction X and linked together for 
example at one end by an electrically conducting track 
10 possibly exhibiting a series of switches 11, and 
linked at their other end to the control unit 3. The 
control unit 3 can emit a current i into a conducting 
track 9a, the switch 11 associated with this conducting 
track 9a being closed, and the other switches 11 being 
open, so that the current also flows in the 
neighbouring conducting track 9b in the opposite sense 
from the current flowing in the conducting track 9a, in 
such a way as to form a loop generating in the 
structure a magnetic field B equivalent to the magnetic 
field generated by a magnetic dipole oriented along the 
X direction. 

The current i emitted by the central unit 3 is 
preferably an alternating current generated 
successively at several frequencies as described in 
greater detail in what follows. The current in question 
is emitted successively into the various tracks 9 of 
the emission layer 4, and the corresponding switches 
may be open or closed in a manner suitable for being 
able to scan the structure 1 along the Y direction. Any 
other suitable means for scanning the structure may be 
used. All these operations are controlled by the 
central unit 3. 

In a conventional manner, for hybrid integrated 
monitoring of structures, the magnetic field B emitted 
by the emission layer 4 generates in the imperfectly 
conducting structural element 1 eddy currents that form 
an electric field E detected by the detection layer 5. 

Figure 5a represents, for example, in a likewise 
diagrammatic manner, a first embodiment of such a 
detection layer 5 according to the invention. In this 
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first embodiment, it is more judicious to speak of two 
detection layers 5a, 5b, intended to be placed one on 
the other, the layer 5b comprising a series of linear 
parallel conducting tracks 12 linked at one end to the 
5 central unit 3, and free at the other end, and disposed 
along the Y axis perpendicularly to the conducting 
tracks 9 of the emission layer 4. A detection layer 5b 
of this kind has already been described repeatedly, and 
in particular in the abovement ioned article, and is 

10 suitable for detecting the component E Y extending along 
the Y direction of the electric field E. The layer 5a 
is composed in a similar manner and exhibits conducting 
tracks 12 likewise linked to the control unit 3, but 
oriented along the X direction so as to detect the 

15 component E x of the electric field E. Let us also note 
here that the components E x and E Y detected are defined 
by the orientation of the equivalent magnetic dipole at 
the level of the emission layer in the area under 
study, and that the orientation of the carbon fibres in 

20 the material is in this respect irrelevant. 

The information measured by exciting the conducting 
fibres 9a and 9b of the emission layer 4 and the 
conducting tracks 12a and 12b of the detection layer 5 
makes it possible to obtain information relating to E x 
and/or E Y at the level of the "intersection" of these 
tracks. By exciting the various conducting tracks 9a, 
9b in succession, then for each, by exciting the 
various conducting tracks 12a and 12b in succession, a 
complete mapping of the structural element 1 bearing 
the device for integrated monitoring of structures 2, 
even of large size, is thus obtained in a fraction of a 
second. 

35 For each point scanned, the current emitted is an 
alternating current emitted successively at various 
frequencies, this making it possible to also scan the 
structure 1 depthwise. By scanning the structure at a 
high frequency, corresponding to the thickness of the 
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surface layer of the structural element, information 
specific to this layer is obtained. By lowering the 
frequency to a frequency corresponding to the thickness 
of the first two layers, information relating to these 
5 two layers is obtained. By using the information 
obtained for the first layer, information about the 
second layer alone is obtained. By continuing thus, the 
structural element is scanned depthwise. 

10 In practice, the damage suffered by the structure will 
have been suffered on its external face la, and the 
integrated monitoring device 2 will be disposed on its 
internal face lb, in particular in such a way as to 
prevent any risk of damage of the integrated monitoring 

15 device, and it is therefore essential that the latter 
be capable of determining damage occurring "depthwise" 
with respect to itself. Hence, the iterative 
calculations can be performed layer by layer beginning 
with a low frequency to obtain information about the 

20 entire structure, then raising the frequency 
successively. 

The inventors have noted that the detection of the 
component E Y of the electric field traversing the 

25 structural element 1 made it possible to obtain 
additional information with respect to the sole 
detection of the component E x of the electric field. 
With the aid of the two independent components E x and E Y 
it is possible by calculation to retrieve a value of 

30 the two characteristics of the material, namely the 
electrical conductivity a of the medium and the 
dielectric permittivity e r of the matrix. 

The measured components may be real or complex of the 
35 form E x = E° x e j (cot+(p) , thus carrying the amplitude, 
information and phase information. 

The separate calculation of the electrical conductivity 
a and of the dielectric permittivity e r is beneficial, 
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since in its turn it makes it possible to characterize 
the type of defect that the structure may have 
suffered, between on the one hand the defects of a 
mechanical origin which give rise to delamination 
between layers and possibly rupture of the carbon 
fibres and thus solely a variation in the electrical 
conductivity a, or on the other hand, the defects of a 
chemical or thermal origin that give rise to damage 
chiefly of the matrix and therefore a modification of 
the dielectric permittivity e r of the latter, and 
possibly of the conductivity a of the medium by 
pyrolysis of the resin. The benefit of being able to 
characterize the nature of the damage that the 
structure has suffered is of being able to forecast for 
example the type of intervention (repair) to be 
conducted on the structure. 

The inventors have, furthermore, shown that this method 
made it possible to detect defects of a chemical and/or 
thermal origin with greater accuracy than the existing 
techniques for integrated monitoring of structures, 
which are more suited for measuring defects of a 
mechanical origin . 

Of course, there are numerous other means, within the 
invention, for detecting the component E Y of the 
electric field traversing the structure. In particular, 
two alternative embodiments of the detection layer are 
presented with reference to Figures 5b and 5c 
respectively. 

In Figure 5b, the detection layer 5 is now formed only 
by a single layer which comprises a series of zigzag 
conducting tracks 12, the tracks 12a and 12b remaining 
parallel while forming these zigzags. In a purely 
illustrative manner, also represented in Figure 5b are 
the conducting tracks 9a and 9b of the emission layer 
4, said tracks being superposed on the detection layer 
5 and excited by the central unit 3, and traversed by 



the current i. The central unit 3 may then read at the 
level of the conducting tracks 12a and 12b information 
relating to E x + E Y if the zigzags are oriented by 45° 
with respect to the X and Y direction. This embodiment 
is the embodiment illustrated in Figure 2 globally 
representing the structure and likewise the emission 
layer 4 . 

According to a third embodiment represented in 
Figure 5c, the embodiment of Figure 5b is again 
employed for the detection layer 5 and it is 
supplemented with a series of pairwise parallel 
conducting tracks 12c, 12d, superposed respectively on 
the conducting track 12a and on the conducting track 
12b according to an inverse zigzag, so that while the 
conducting tracks 12a and 12b make it possible to 
obtain information relating to E x + E y , the parallel 
conducting tracks 12c and 12d make it possible to 
obtain for the same excited conducting tracks 9a, 9b of 
the emission layer 4 information relating to • the 
component E x - E Y of the electric field. By combining 
these items of information, the components E x and E Y 
will be retrieved directly, separately. 

It is of course not obligatory for the zigzags formed 
by the conducting tracks 12a, 12b, 12c, 12d in any of 
the embodiments presented, to form an angle of 45° with 
the X and Y directions such as defined by the 
orientation of the conducting tracks 9 of the emission 
layer 4, and it is possible to choose any angle 
whatsoever. Furthermore, although the zigzags of the 
conducting tracks 12a to 12d are represented at right 
angles, it is permissible for the conducting tracks in 
question to exhibit rounded angles for reasons of ■ 
practical implementation . 

The signal detected at the level of the conducting 
tracks 12 of the detection layer by the central unit 3 
is possibly processed by well-known signal processing 
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algorithms such as already used in the field of the 
integrated monitoring of structures, such as for 
example the Donoho algorithm cited in the 
abovementioned article. Such signal processing may, in 
5 fact, be useful for circumventing the various noise 
terms carried by the signal. 

The device as described makes it possible to obtain 
quantitative results regarding the state of health of 
structures, for example by comparing the results 
obtained with results obtained previously for the 
structure in question, for example when bringing the 
structure into service, or during an earlier 
examination if the structure is scanned periodically. 
The comparing of the detection results with previous 
detection results makes it possible to determine the 
occurrence and the nature of any damage suffered by the 
structure . 

20 It is, moreover, possible to quantify the level of 
damage, as described subsequently with the aid of a 
model suitable for calculating the electric field for 
the structure under study, at the level of the 
detection layer. 

25 

In order to do this, use is made, in the central unit 
3, of a model of the structure, which may for example 
have been previously devised at the time the structure 
was brought into service. This model is in particular 

30 suitable for the application thereto of the DPSM method 
(the acronym standing for the expression Distributed 
Point Source Method) which will be detailed in a 
general manner with the aid of Figures 6a, 6b, and 6c. 
This method is particularly suitable in that it makes 

35 it possible to obtain information relating to a point 
(or a limited part) of space in short computation 
times. This said, there is nothing preventing the 
device described above from being used with a classical 
method of computation of the "finite elements" kind. 
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Reference is firstly made to Figure 6a, in which a 
first surface b is meshed according to a plurality of 
surface samples such as dS'l, dS'2, dS'3 and dS'4. 
5 Likewise a second surface a is meshed by a plurality of 
surface samples such as dSl, dS2, dS3, dS4, etc. 

Referring to Figure 6b, with each surface sample dS± is 
associated a hemisphere HEMi tangent to the surface 
10 sample dSi at a point of contact Pi. Preferably, this 
point of contact P ± corresponds to the apex of the 
hemisphere HEMi. 

During this step of meshing of the surfaces b and a, 
15 . the surface area of the structural element is evaluated 
on the one hand and on the other hand a number of 
surface samples dS ± is chosen according to the desired 
position of the estimation of the electric field. Thus, 
the surface area of a sample dS± is given by S 0 /N where 
20 S 0 corresponds to the total surface area of the surface 
b to be studied, and N corresponds to the chosen number 
of surface samples- dS± . 

The hemisphere HEM ± has the same surface area as the 
25 sample dSi. Thus, the radius Ri of the hemisphere is 
deduced from the expression 27iRi 2 = S 0 /N. 

Each mesh cell represented by a surface sample dSi 
exhibits, in the example described, a parallelogram 
30 shape, with centre Pi corresponding to the point of 
intersection of the diagonals of this parallelogram. 

The hemisphere HEMi is tangent to the surface sample dS ± 
at this point Pi. Of course, the mesh cells may be of 
35 various shapes, triangular or otherwise. It is 
indicated in a general manner that the point Pi 
corresponds to the barycentre of the mesh cell. 



It may be useful to restart directly from a mesh of the 
structural element developed during the design of the 
structure. 

When the boundary conditions of the problem pertain to 
a vector quantity, three sources SAi, SB ± , SC ± are 
assigned to the surface sample dS ± . 

The three sources SA ± , SBi, SCi, allocated to a surface 
sample dS ± have respective positions determined as 
indicated below. As represented in Figure 6b, the three 
sources SA ± , SBi, SC ± are coplanar and the .plane 
comprising these three sources furthermore comprises 
the base of the hemisphere HEMi . The hemisphere HEMi is 
constructed with the centre of the disc constituting 
the base of the hemisphere which corresponds to the 
barycentre of the three sources SA ± , SB ± , SCi. 

For a neighbouring hemisphere HEM 2 , the three sources 
SA 2 , SB 2 , SC 2 may be oriented in a different manner from 
the sources SAi, SBi, SCi of the hemisphere HEMi, as 
represented in Figure 6c, and as a general rule, the 
sources of the various hemispheres may be oriented in a 
random manner so as to avoid an overperiodicity 
phenomenon . 

It is considered that the sources S' A i, S' C n, S A i, 

. . . , S CN are fictitious charges emitting an excitation 
field into the structure. 

The electric field at any points Mi, M N of the 

medium are related to the intensities of the charges of 
the sources of the points Ai, A N , Bi, B N , Ci, 

C N by the following expression: 
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= F'(M). 
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where : 

the coefficient v' 2j (2 = A,B,C and j = 1, 2,...,N) 
of the first column matrix corresponds to the value of 
electric charge for the source S'sj,- 

the coefficients V u (Mi) (where u = X, Y, Z and 
i = lf 2, N) of the second column matrix 

correspond to a value of the electric field at a point 
Mi of space; 

the interaction matrix F' , of dimension 3Nx3N is 
expressed by the relation: 



15 
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The expression for these coefficients is as follows: 

Cz(i,j)^fM^S ZJ )] [3] 



with 



£ = A,B,C 

i = 1, 2, N 

j = 1, 2, N 

u = x, y, 2. 
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where 

8 = e r • e 0 corresponds to the dielectric permittivity of 
the medium wherein the point Mi is situated. 

Thus, the matrix system of equation 1 makes it possible 
to estimate, on the basis of an interaction matrix F' 
and of a vector comprising the values v'lj associated 
with the sources S' Sj , the coefficients of a vector 
(column matrix) comprising the values of the electric 
field V(Mi) at the point in space M ± . 

To determine the values of the sources v' Sj , the matrix 
system of equation 1 is applied to the points 
P'i,...,P' N corresponding to the apex of the hemispheres 
HEMi of the surface b, where the incident electric 
field can be known. The values of the sources v f si , 
v'i2, v' £N are thus determined by the following 

equation : 
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where the coefficients of F' _1 (P') are determined since 
the respective distances from the points P'i,...,P' N to 
the points Ai, . . . , C N are known. 

Once these values of sources v'^j have thus been 
determined, the expression for the electric field V f at 
any point M in space is easily calculated. 

By referring again to Figure 6a, it will be understood 
that the second surface a receiving the wave emitted by 
the first surface b acts, itself, as an active surface 
re-emitting a secondary wave by reflection. Each source 
Sn represents a contribution to the emission of this 
secondary wave. 

To take account both of the presence of the main wave 
and of the presence of the secondary wave at the points 
M, the contribution of the main wave and the 
contribution of the secondary wave at the point M is 
estimated by the matrix system: 



f A\ 



A2 



.4A' 



V\M) = Fx 



l B2 



V C1 



V C2 



A2 



AN 



+ F*x 



37 



v ON 



C2 



K V CNj 



[6] 



where : 

F is the matrix of interaction between the surface 
a and the points M; 

v Zj (2 = A, B, C; j = l f 2, 3,.. w N) is the value 
of the sources allocated to each surface sample dSj of 
the surface a , N being the total number of mesh cells 
chosen for this surface. 

The coefficients of the matrix F are dependent on the 
distance MS^j where S^j are the sources assigned to each 
sample dSj of the second surface a. 

In the case where the field emitted by the second 
surface is the reflection of the field emitted by the 
first, the values of the sources v S j of the second 
surface a are determined as a function of values of the 
sources of the first surface b, as is detailed below 
with reference to Figure 7. 

A value of reflection coefficient is assigned to each 
point Pi of the second surface a. 

In the particular case of a material made of carbon 
fibres embedded in a resin, this reflection coefficient 
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is in particular dependent on the modelled electrical 
conductivity a s of the carbon fibres at this point and 
the modelled dielectric permittivity e s r of the resin at 
this point. A matrix R a which is representative of the 
5 reflection coefficient at each point Pi is therefore 
introduced. At each point, 



tf. [71 



10 where j is the complex number such that j 2 = -1, co is 
the angular frequency of the incident field, e r the 
relative dielectric permittivity of the material and 8o 
the dielectric permittivity in vacuo. 



15 In what follows, it is indicated that: 

F(Pi) is the interaction matrix for the second 
surface a applied to the point P± of the second 
surface ; 

F(P'i) is the interaction matrix for the second 
20 surface applied to the point P' i of the first surface; 

F' (Pi) corresponds to the interaction matrix for 
the first surface applied to the point Pi of the second 
surface; 

F'(P'i) corresponds to the interaction matrix for 
25 the first surface applied to the point P' ± of the first 
surface ; 

v' corresponds to the column vector comprising the 
values of the sources S'n of the first surface; and 
- v corresponds to the column vector comprising the 
30 values of the sources S^i of the second surface. 

At the level of the second surface of the structural 
element 1, the contribution of the incident wave 
emitted by the first surface b is expressed by: 

V'(P) = F(P). v' [8] 

35 



The contribution of the secondary wave returned by the 
second surface a is expressed, by definition, by the 
relation : 

V(P) = F(P).v [9] 

Now, in the example represented in Figure 7, the 
secondary wave corresponds simply to a reflection of 
the main wave, this being expressed by the relation: 

V(P) = R a V\P) [10] 

where R a corresponds to a reflection matrix each 
coefficient of which represents the contribution to the 
emission, by reflection, of the secondary wave, by each 
source of the second surface. 

From the three relations above we deduce the expression 
for the column vector v comprising the values of the 
sources on the second surface, on the basis of the 
column vector v' comprising the values of the sources 
of the first surface b by the relation: 

v = [F{P)\ X .R m v' [11] 

Thus, the value of the field V'(P') on the first 
surface b is determined directly as a function of the 
values of the sources v' of the first surface b in the 
case where the initial electric field is emitted over a 
single surface of the structure under study. 

Figure 8 presents in a general manner the case of the 
calculation of the equivalent sources for a structure 1 
subjected to an electric field simulated by initial 
charges v' 0 on the surface b and v 0 on the surface a. 



In a general manner, if an exterior 
applied to the second surface, then 



field is also 
superposed on 
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Equation 11 is Equation 6 applied to the sources of the 
second surface: V (P' ) = F' (P' ) v' . 

In a general manner, the field reflected on the second 
surface a of the structure will again be reflected on 
the first surface b as if emitted by sources v' 2 
according to: 

Rb V' 2 (P' ) = F' (P' ) v' 2 , 
i.e. v' 2 = F'-^P' ) R b V' 2 (P' ) , 

Or again v' 2 = F' _1 ( P' ) R b F' ( P) v 1 [12] . 

vi are the sources of a field itself corresponding, to a 
reflection of the field emitted by the original sources 
v' o according to: 
15 R a Vi(P) = F(P) Vi, 

i.e. Vi = F _1 (P) R a Vi(P) , 

or again vi = F _1 (P) R a F(P') v' 0 [13]. 

By combining [12] and [13], we obtain the fictitious 

20 source v' 2 as a function of the initial source v' 0 
according to : 

v' 2 = F' _1 (P') R b F' (P) F _1 (P) Ra F(P') v' 0 - 

We can write v' 2 = B A v' 0 / with the matrices A = F -1 (P) 
25 R a F(P') and B = F'" 1 ^' ) R b F' (P) . 

Likewise on the exterior surface a, 

v 2 = F" l (P) R a F(P f ) F' _1 (P') R b F' (P) v 0 , 
i.e. v 2 = A B v 0 . 

The effective source corresponds to the sum of the 
various terms originating from the various reflections: 
V T otal = v 0 + Vi + v 2 + . . . , 
v-rotai = v 0 + A v' o + AB v 0 + ... 

By similarly writing the sources v'to^i on the other 
surface, these two equations can be grouped together in 
the form: 
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i.e. 



v Total 



10 



In practice, one will be limited to a finite number of 
reflections, corresponding to a finite number of terms 
for the matrix P, since each reflected field is of 
course attenuated with respect to the incident field. 
In practice one will choose not to consider any 

0 1 ' 



reflection, i.e. 



P = 



one reflection, i.e. 



P = 



or more, depending on the nature of the 

desired 



material, the thickness considered, the 
accuracy of the result, among other things. 



15 Finally, the electric field V is calculated at the 



points chosen as a function of the initial sources 
by the formula: 



v v 'oy 
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' F'(P') F(F) 
F\P) F(P) 



where 



25 



Thus, the potential at any point in space lying between 
the surfaces a and b can be calculated as a function of 
the value of the initial sources v 0 and v' 0 - 

The DPSM technique just described may be used in three 
different ways. 
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1/ Figure 9 represents the application of the above 
concepts to the case where the first surface b is the 
emission layer 4, the second surface a is the internal 
5 face lb of the structural element 1, the medium being 
air or a resin in which the tracks of the detection 
layer 5 are held. One seeks to calculate the electric 
field at the point M of the detection layer 5. 

10 As the expression for the current i traversing the 
emission layer 4 is known, it is possible to 
analytically calculate, for example by the Biot and 
Savart law, the incident electric field on the internal 
face lb of the structural element. The reflection 

15 coefficient is applied to the incident field to 
determine the reflected field. The value of the sources 
Sai, • s C n situated in the structural element and 

corresponding to elemental charges emitting the 
electric field reflected at the level of the face lb is 

20 then calculated. The value of the electric field at the 
points M of the detection layer like the electric field 
emitted by these sources is next calculated by the DPSM 
method . 

25 Alternatively, recourse may be had to a DPSM modelling 
of the emission layer 4, as represented in Figures 10a 
and 10b. The emission layer 4 is modelled by elements 
each comprising a sphere exhibiting three current 
elements dl of length 5, intersecting the centre G' ± of 

30 the base of the sphere so as to form a trihedron there. 
The orientation of the trihedrons may possibly vary 
from one element to another, to avoid overperiodicity 
problems. The length of each element is related to the 
diameter of the sphere and is calculated as a function 

35 of the boundary conditions imposed by the conducting 
tracks present at the level of the emission layer, or 
more generally by knowing at the points P'i the 
incident field due to an emission device. 
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Likewise, the incident electric field at the level of 
the internal face lb is calculated by DPSM method on 
the basis of the values of the currents traversing the 
current elements. Then, the electric field is 
calculated in the detection layer as previously, on the 
basis of the reflection coefficient. 

To summarize, one proceeds as follows: 

the position of the points P ± and of the sources Si 
is determined after meshing the faces; 

the coefficients of the matrix F(P) are 
determined; 

the coefficients of the reflection matrix R a are 
determined as a function of a reflection law of the 
obstacle; 

the values of the vector V(P) at the points Pi of 
the internal face lb are determined as a function of 
the boundary conditions on the internal face lb, for 
which the incident electric field can be calculated, 
and the values of the sources Sz± of the internal face 
lb are deduced from the aforesaid values; 

once the values of all the sources S^i have been 
determined, the matrix system given by relation 1 may 
be applied to every point M of the detection layer, by 
applying the interaction matrix F (involving the 
position of the point M and the positions of the 
respective sources Sn) to this point M. 

The model thus developed can be used jointly with the 
device for integrated monitoring of structures 2 to 
quantify the damage suffered by the structure. 

To do this, if it is detected that the structure has 
suffered damage, for example because a difference is 
noted between the measured components E x and E y of the 
electric field at the level of the detection layer 5 
with the same electric field components measured 
previously, such as during a previous inspection, or by 
comparison with values contained in a database and 
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established during manufacture of the structure, one 
can proceed as follows: 

We start from a model of the healthy structure, which 
5 is contained in the control unit 3 and is established 
for example when the structure is brought into service. 
This model exhibits, by way of example, a modelled 
electrical conductivity a s 0 = 10 4 S.rrf 1 , and a modelled 
dielectric permittivity e s r0 = 4, or any other 
10 preestablished values for the matrix and the fibres 
used. The model can be modified simply by modifying the 
reflection matrix R a , simply by modifying one or the 
other of the said parameters ct s and e r s at the level of 
the presumed damage suffered by the structure (location 
15 identified by the structure integrated monitoring 
device 2) . The model thus established is represented in 
Figure 11, where a healthy area 28 surrounding a 
damaged area 13 are represented diagrammatically . 

Purely mechanical damage having little influence on the 
component E Y of the electric field detected (with of 
course the orientation represented in the figures) , it 
is in particular possible to implement the algorithm 
proposed in Figure 12. 

Starting, at 14, from a measurement of the component E Y 
of the electric field, this component E Ym is compared, 
at 15, with a previous value of E° Ym , for example 
obtained during a previous examination, and contained 
in a database. 

If the difference AE Y = E Ym - E° Ym is significant, for 
example greater than a preestablished threshold AE Y °, we 
can forthwith at this juncture conclude at 16 that 
35 there is a defect of a nonmechanical origin, namely a 
chemical and/or thermal origin in the structure and 
that has given rise to a variation in the dielectric 
permittivity e r of the resin. At 17, the component E Y of 
the electric field is calculated for the model of the 
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structure exhibiting a defect corresponding to a local 
variation in the permittivity s r/ having fixed for 
example e rd = 2 . At 18, the component E Y , calculated at 
17 for this model exhibiting a defect, is compared with 
the component E Ym measured by the structure integrated 
monitoring device 2. If the difference between these 
two values is less than a predetermined threshold, 
fixed for example by experience, then the value e r of 
the structure is deduced from this, at 19, as being 
that used in the model at 17. Otherwise, the model is 
modified at 20 by locally modifying the value of e rd 
assigned to the defect, and the calculation is redone 
at 17. It is thus possible to do a certain number of 
calculations so as to get closer to the value of 
dielectric permittivity actually present in the 
structure at the level of the defect, until the 
condition 18 is finally complied with. 

Returning to the level of the comparison 15 between the 
measured value E Ym and a previously measured value of 
the same component, if no notable differences are 
apparent between these two components, and if there is 
nevertheless a difference between the measured 
component Exm and a previously measured component E°xm 
for the structure, a defect of a mechanical origin can 
be concluded at 21 for the structure. Likewise, at 22 a 
component E x is calculated for the model exhibiting a 
defect of a mechanical origin, such as for example a 
conductivity a s d = 10 2 S.m" 1 , and the component 
calculated for the model of the structure exhibiting a 
defect and the measured component are compared at 23. 
If the difference between the measured component Exm and 
the component calculated for the model of the structure 
exhibiting a defect is less than a certain 
predetermined threshold, we deduce from this, at 24, 
that the value of the electrical conductivity of the 
structure at this point is about equal to the value of 
the electrical conductivity used in the model at 22. 
Otherwise, the model is modified at 25, in particular 
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by modifying the value of the electrical conductivity 
a d at the level of the defect, and the component E x is 
calculated again at 22, for the modified model. It is 
thus possible to carry out a certain number of 
5 iterations until a calculated component E x is obtained 
which is close to the measured component Exm of the 
electric field, and to deduce therefrom the value of 
the electrical conductivity of the area of the 
structure equal to the value of a used during the last 
10 iteration of the model. 

Once the component E x has been successfully identified 
at 23, it is possible to verify that the structure does 
not additionally exhibit a defect of a chemical and/or 

15 thermal origin. To do this, the component E y calculated 
for the defect of a mechanical origin, is compared at 
29 with the measured component E Ym - Should there be a 
difference, the dielectric permittivity of the 
structural element under test is calculated in the same 

20 way as previously (17 - 19) . 

It is moreover possible to employ a database in which, 
for a structure equivalent to the structure under test, 
the modifications of the electrical conductivity a 

25 and/or the dielectric permittivity e r respectively have 
been measured for defects following monitored inputs of 
energy of a mechanical, chemical and/or thermal nature. 
On the basis of the values obtained at 19 and 24, it is 
thus possible, with the aid of this database, to get 

30 back to the energy undergone by the structure, and to 
deduce therefrom the energy received by the structure. 
It is thus possible to objectively determine whether 
the tolerance threshold for the structure has not been 
reached, or whether it is essential to envisage a 

35 repair and/or a replacement. 

II/ In the foregoing, the calculations were performed 
outside of the structural element, the latter 
influencing the calculation only through the matrix R a 
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of reflection at its surface. Nevertheless, the DPSM 
method can be used to more accurately represent the 
internal physical phenomena within the structure. In 
this case, Figure 6a and Figure 8 are employed again, 
in which the surface b corresponds to the internal face 
lb of the structural element 1, the surface a 
corresponds to the external face la of the structural 
element 1, and the medium corresponds to the structural 
element 1, regarded as homogeneous through its 
thickness. A portion of the electric field incident on 
the internal face lb, calculated analytically as 
before, is transmitted within the structural element 1. 
The field transmitted in the structural element is 
calculated by applying a transmission coefficient T 
(related to the ratio of the transmitted wave to the 
incident wave while the reflection coefficient R is 
related to the ratio of the reflected wave to the 
transmitted wave) to the incident field calculated 
analytically or by DPSM as previously. The initial 
sources S'°ii correspond to sources emitting into- the 
structural element the transmitted portion of the 
electric field incident on the face lb from the 
emission layer 4. The initial sources S°zi are zero, 
since no emission layer is employed on the external 
face la of the structural element. The effective 
sources S £i and S'n are calculated by formula [14] and 
the electric field at every point of a medium by 
formula [15], choosing an appropriate number of 
reflections. When there are multiple reflections, the 
wave incident on the internal face lb from inside the 
structural element 1 is also partially transmitted. 
Finally, the electric field in the detection layer is 
calculated as in relation to Figure 9, with the aid of 
electric field sources emitting towards the detection 
layer the electric field transmitted towards the 
detection layer from the field incident on the face lb 
from inside the structure 1, and of the local 
coefficient of transmission T" of the structural 
element towards the outside. The optimization 
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calculation presented in relation to Figures 11 and 12 
is then applied. 

Ill/ The DPSM method also makes it possible to carry 
5 out tomography through the thickness of the structure 
1. In particular, the structure 1 being a multilayer 
structure, the modelled structure can be sliced up into 
as many layers as the structural element 1, so as to 
qualify each layer. Nevertheless, there is not 
10 necessarily any link between the layering of the . 
structural element 1 and that of the model. 

Reference is made to Figure 13 for the analysis of this 
embodiment . 

15 

Initially, the structure is excited by a current at a 
high frequency suitable for loading the structure 
chiefly at the surface. A frequency is for example 
chosen such that the attenuation of the field in the 
20 structure between the internal face lb and the other 
face lc of the modelled surface layer is sufficient for 
it to be possible to neglect the influence of the 
layers situated under the surface layer (for example an 
attenuation about equal to 10) . 

25 

The steps of 1/ or of II/ are performed for the surface 
layer alone. By way of example, the surface a of 
Figure 6a is then the face lc of the structural element 
1. The values of conductivity a and permittivity e r are 
30 thus obtained at the level of the surface layer. 

Next, the structure is excited at a lower frequency, so 
that the attenuation by a factor of for example 10 is 
for example obtained between the face lb and a yet 
35 deeper face Id of the structure. By repeating the 
calculation of 1/ or of II/ for that part of the 
structural element lying between the faces lb and Id, 
information is obtained about the values of 
conductivity a and permittivity e r for these two layers 
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aggregated. With the aid of the previous calculation of 
the conductivity a and permittivity e r values in the 
surface layer, these values are deduced for just the 
intermediate layer lying between the faces lc and Id. 

One continues thus, lowering the frequency 
successively, to obtain for each new layer, the sought- 
after conductivity a and permittivity e r values. 

Of course, one might wish to search for only one of 
these values, and it would, for this purpose, be 
possible to measure and calculate only one of the two 
components E x or E Y , and deduce therefrom only one 
component e r or a by applying the left branch or the 
right branch of the algorithm of Figure 12. 

Alternatively, it would be possible to begin with a. low 
frequency to obtain an overall picture of the 
structure, then to gradually increase the frequency to 
obtain information about the successive layers closer 
and closer to the emission layer 4. 

Other variants are possible, such as for example 
scanning the structure firstly by increasing the 
frequency in successive steps and then by reducing it 
down to its initial value, or other variants. 

According to one variant, the device for integrated 
monitoring of structures is not necessarily fixed on an 
internal lb or external la face, but may be inserted 
into the structure, in which case the previous 
calculations will have to be carried out by summing the 
results provided for the two portions of structure 
separated by the device, each exhibiting a reflection 
matrix and a transmission matrix. 

Thus the central unit 3 is on the one hand suitable for 
controlling the excitation of the conducting tracks 9 
of the emission layer 4, of the conducting tracks 12 of 
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the detection layer 5, the switching of the breakers 
11, and the processing of the signal detected, and on 
the other hand comprises calculation means comprising 
memory means that can contain a model of the structure 
under study, means for estimating the components E x and 
E Y , means of comparing these values with the 
measurements, means of generating a modified model. 
Finally, the central unit can comprise a database of 
earlier results for the structure under test or of the 
results obtained for one or more similar structures. 
Certain of these elements may furthermore be placed on 
an information support such as a CD-ROM, a DVD-ROM, or 
other, able to be read by a computer. 

The information provided by the method and the device 
according to the invention could also be used jointly 
with that provided by the SMART- layer device for 
integrated monitoring of structures from the company 
Acellent based on piezoelectric sensor technology, 
whose ability to detect defects of a mechanical origin 
is recognized. 

The method and the device described here are not 
confined exclusively to use for composite structures 
comprising on the one hand a matrix consisting of a 
dielectric material and, on the other hand, of carbon 
fibres exhibiting electrical conductivity. It is for 
example possible to use the device and the method 
according to the invention for a sandwich structure, 
such as represented in Figure 14, which is purely 
dielectric. In this case, there is of course no 
question of determining any electrical conductivity a 
for the carbon fibres, but the device according to the 
invention can be used to determine the dielectric 
permittivity e r of the structural element 1. The latter 
can for example consist of one or more layers 26 of 
resin reinforced with glass fibres, and of a core 27 
disposed between these layers. In this case, the device 
for integrated monitoring of structures no longer 
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operates according to a hybrid technology, but 
according to a purely electrical method, in which the 
emission layer 4 is modified to generate an electric 
field E rather than a magnetic field. This is carried 
5 out very simply by opening the switches 11 (Figure 4) 
previously linking the conducting tracks 9a and 9b, so 
as to generate an electric field in each of the 
conducting tracks 9a, 9b, etc. successively. 

10 The solution algorithm of Figures 8 and 9 is now used 
only to determine the value e r of the dielectric 
permittivity of the instrumented structure. Under .these 
conditions, it is now possible not to measure the 
component E x of the electric field detected, and we can 

15 make do with a detection layer oriented along the 
direction Y, such as that represented at 5a in 
Figure 5a. 

Of course, the emission and detection layers 4, 5, may 
20 be situated on the internal face lb of the sandwich 
structural element 1, or on its external face, or be 
split so as to be placed respectively at various levels 
in the thickness of the structural element 1. 



